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North America is host to multiple complex taxa, and unresolved relationships in the 
genus Eleocharis (Cyperaceae). Of noteworthy significance, are lasting taxonomic uncertainties 
involving plants referable to E. tenuis (var. tenuis, var. verrucosa, and var. pseudoptera) of 
the E. tenuis species complex. Morphology of E. tenuis is traditionally recognized as being 
widely variable, and intermediate among taxa along a broad geographic gradient. Cytological 
and morphometric data however, indicate that the varieties of E. tenuis are unique in cytology, 
and are consistently delimited by five morphological characters.  Furthermore, this study 
shows that cytological data correlates with unique morphological entities, and that three of 
the morphological characters selected for study are largely distinct between taxonomic 
entities. This study proposes that the current taxonomic rank applied to E. tenuis var. verrucosa 
does not appropriately reflect the evolutionary significance of this entity, and elevates it as a 







North of Mexico, North America contains a number of unresolved taxonomic 
relationships in the genus Eleocharis R.Br. (Cyperaceae), where a paucity of morphological 
characters available for analysis and the evolutionary convergence of these characters 
correspond to multiple species complexes (Gonzalez-Elizondo & Peterson 1997; Gonzalez-
Elizondo et al. 1997, Roalson & Friar 2000; Roalson et al. 2010; Smith 2001, 2002).  
Many authors have relied solely on morphological evidence to finely divide taxa and 
elucidate variation presented by Eleocharis species complexes (Catling 1994; Catling & Hay 
1993; Gregor 2003; Larson & Catling 1996; Rosen, Hatch & Carter 2007; Smith 2001, 2002; 
Sorrie & LeBlond 2014; Svenson 1929, 1932, 1947, 1953, 1957). A combination of cytological 
and morphological evidence however, has proved useful in delimiting variable or cryptic 
entities referable to the E. palustris complex (subg. Eleocharis ser. Eleocharis subser. Eleocharis), 
when preliminary morphological investigations yielded uncertain results (Harms 1968; Smith 
& Gregor 2014; Strandhede 1967). Although cytological data has been generated for E. 
compressa Sullivant, E. elliptica Kunth, and E. tenuis (Willdenow) Schultes of the E. tenuis 
complex (subg. Eleocharis ser. Eleocharis, subser. Truncatae Svenson), no attempt has been made 
to associate these data to specimen morphology has been made (Harms 1972; Schuyler 1977; 
Smith 2002).  
 The application of cytological data, i.e. specimen karyotype, generated by Harms 
(1972) has been hampered, in part, by the loss of voucher specimens (Smith 2002; personal 
observation). Fortunately, Schuyler (1977) also produced complete, mature voucher 
specimens for the varieties of E. tenuis, which are available for taxonomic analysis (Fig. 1, 2, 
3). Both Harms (1972) and Schuyler (1977) have shown that E. tenuis var. tenuis (2n = 24), and 


















number. Counts for E. tenuis var. pseudoptera (Weatherby) Svenson however, are variable with 
Harms (1972) reporting 2n = 38, and Schuyler (1977) reporting 2n = 38 & 39. Schuyler 
(1977) also reported counts of 2n = ca. 34 & 68 for putative E. tenuis var. tenuis X E. tenuis 
var. pseudoptera hybrids.  
 In his initial treatment of the varieties of E. tenuis, Svenson (1932) wrote of “striking” 
variation in the achenes, i.e. length, texture, and size and shape of the tubercle, and 
“remarkable” diversity in the culms, i.e. length, width, and cross-sectional shape, and utilized 
these variable characters in a key to distinguish between the varieties. Smith (2002) utilized  
many of the same variable characters, e.g. culm width, and achene color and texture, in his 
treatment of E. tenuis for the Flora of North America, but he also incorporated novel 
characters. Most notably, Smith (2002) identified differences in rhizome width between var. 
tenuis and var. verrucosa, i.e. 0.4–1 mm and (1–)1.5–2 mm, respectively, as well as differences in 
rhizome internode length between these two varieties, i.e. longer internodes (2–)5–10 mm 
and longer internodes 2 mm, respectively. Despite the overlap among rhizome characters 
between var. pseudoptera and the remaining varieties, var. pseudoptera is easily separated from 
var. tenuis by its thicker rhizomes, 1–2 mm, and from var. verrucosa by its longer internodes, 5–
10 mm (Smith 2002).  
The vegetative characters for some species of Eleocharis, e.g. subg. Limnochloa, are 
considered too variable for use in taxonomic analysis (Edwards et. al 2003; Rose, Hatch & 
Carter 2007). Strandhede (1967) however, observed that differences in rhizome morphology 
of E. mamillata, E. palustris, and E. uniglumis remain when transplanted, or when cultivated in 
common gardens. Likewise, Catling (1994) has successfully used rhizome characteristics to 
identify putative hybrids between E. compressa and E. erythropoda. Most recently, Baksh & 




result in distinct morphologies that “can provide additional characters to distinguish species 
[of Eleocharis]”. As for the E. tenuis species complex, Smith (2002) documented a diverse array 
of rhizome morphologies for all member species, and discovered that in some cases, inter- 
and infraspecific differences are extreme and distinct (Tab. 1).  
This study seeks to investigate the value of achene and rhizome characters in a 
morphometric context to distinguish between the varieties of E. tenuis, and to explore 
potential correlations between morphological data and existing cytological data. Several 
questions are addressed herein: 1) How the varieties of E. tenuis are best distinguished using 
morphology? 2) To what degree do morphological characters intergrade between currently 
recognized varietal entities? 3) Are there any correlations between cytological data and 
morphological differentiation? Finally, I ask: Are the taxonomic ranks applied to the varieties 
of E. tenuis appropriate?  
METHODS 
 Approximately 950 specimens were obtained from the following herbaria, and 
examined to better understand character variation in E. tenuis sensu lato: ACAD, BRIT, CM, 
ILLS, MO, NY, PH, NCU, US, VPI, and WILLI (Thiers 2016). Of these specimens, 146 
complete and mature, representative samples (see APPENDIX) of var. tenuis (n = 54), var. 
verrucosa (n = 62), and var. pseudoptera (n = 31), were selected for further analysis from across 
the range of E. tenuis sensu lato (Fig. 4). 
Ten continuous characters of the achene, spikelet, and rhizome were selected for 
morphometric analysis, and five of these were selected for multivariate analysis (Tab. 2). A 
single measurement for each character was obtained from the middle, or near middle, of 









Table 1: Rhizome characters for member species of the E. tenuis 
complex and the varieties of E. tenuis, organized by rhizome 
thickness. Data obtained from Smith et al. (2002). An asterisk 
indicates data collected by the author. 
Figure 4: Distribution of E. tenuis var. tenuis, var. verrucosa, and var. pseudoptera specimens 
selected for statistical analysis. Each symbol represents a single specimen. 
	













Forming 1—2 m 5—10 mm 4—10 mm*





Forming (1-)1.5—2 mm 2 mm 1—5 mm*
E. compressa Mat Forming 2—3 mm 2 mm 5—12 mm
E. occulta Densely Cespitose 3—5 mm Crowded 10 mm






using an ocular micrometer (0.01 mm accuracy, ± 0.024 mm precision) installed on an 
Olympus 8–40x stereo microscope.  
Morphometric analysis employed a “fixed-effects” One-Way Analysis of Variance 
(ANOVA) to determine significant differences between the mean values of characters, and 
to evaluate their importance in distinguishing between varietal entities. Because organisms  
associated with species complexes often exhibit a great degree of variation in morphology, 
characters selected for analysis of E. tenuis were not expected to exhibit a normal 
distribution. Characters were, however, expected to exhibit mound shaped distributions 
typically associated with natural populations. A visual assessment of each character’s 
population distribution, i.e histogram, confirmed this. Levene’s Test was used to evaluate for 
homogeneity of variance among variables, as it is less sensitive to mound shaped populations 
that do not exhibit normal distributions. Only three characters, i.e. TubL, TubW and SclW, 
were homogeneous in variance, but the heterogeneity of remaining characters is not 
Table 2: Ten characters selected for statistical analysis. Character 
symbols used for analysis are enclosed in parenthesis. Characters used 
for multivariate analysis are denoted by an asterisk. 
Achene length from base to tubercle (AcnL)* 
Achene width at its widest point (AcnW) 
Achene length from base to its widest point, middle (AcnLM) 
Tubercle length from base to apex (TubL) 
Tubercle width at its widest point (TubW)* 
Scale length from base to apex (SclL) 
Scale width at its widest point (SclW) 
Rhizome width at its widest point (RzmW)* 
Rhizome internode length from node to node (RzmIL)* 





surprising given the variable nature of E. tenuis. All raw values were retained for 
morphometric analysis. 
 Characters exhibiting heterogeneous variance were evaluated using a Dunnett-Tukey-
Kramer (DTK) test (α = 0.05), and Tukey’s Honestly Significant Difference (Tukey’s HSD) 
test (α = 0.05) was used to detect differences between characters with homogeneous variance. 
Both the DTK and Tukey HSD tests assume independent samples and mound shaped 
distributions, and parametrically test for a 95% confidence that each comparison between 
variables is correct. In contrast, DTK accounts for unequal variance, whereas Tukey’s HSD 
test assumes equal variance between variables. 
A principal component analysis (PCA) of five statistically significant characters (P < 
0.05) was used to identify grouping of entities, and to determine which characters best 
distinguished the varieties of E. tenuis. Morphological characters are often considered 
genetically redundant when exhibiting strong correlations (r ≥ 0.7), and one of the correlated 
characters are typically removed from morphometric analysis of taxonomic relationships. No 
absolute biological reason for such a threshold exists, and no standard threshold was 
established for the present study. Although characters RzmSL and RzmIL were strongly 
correlated (r = 0.84) for E. tenuis sensu lato, RzmW and RzmIL are more likely to share a 
genetic relationship. Because the intercalary meristem and zone of elongation in a rhizome 
produce horizontal development, rhizome biomass is typically distributed along that 
horizontal axis, and therefore, reduced along the axis perpendicular to horizontal growth 
(Baksh & Richards 2006; Walters 1950). Thus, plants typically have thick rhizomes and short 
rhizome internodes, or narrow rhizomes and long rhizome internodes (Tab 1). The varieties 
of E. tenuis however, present a unique case where var. pseudoptera exhibits thick rhizomes with 




tenuis and var. verrucosa, i.e. narrow rhizomes with long internodes, or thick rhizomes with 
short internodes, respectively. As all rhizome characters, RzmW, RzmSL, and RzmIL, are of 
apparent use in delimiting between varieties, all were retained for multivariate analysis. All 
data were standardized (Mean = 0, Sd = 1) prior to analysis.  
Strandhede (1967), and most recently Smith and Gregor (2014), showed that stomata 
length correlates to chromosome number for species of the E. palustris complex. Although 
stomata length may be variable relative to the maturity of a single specimen, Strandhede 
(1967) demonstrated that sections obtained from above the middle of a culm yield definite 
lengths that are reliable for taxonomic analysis. Here, I use stomata length as a substitute 
measure for chromosome number to evaluate potential relationships between the cytology 
and morphology of E. tenuis.  
Sections of mature culm from each variety, obtained from a subset of specimens 
used for morphometric analysis, were boiled in distilled water for 30–60 minutes. Culm 
sections were halved, and a razor blade was used to remove all tissues except the epidermis. 
Samples of epidermis were then mounted on a microscope slide and viewed using a Ziess 
Axioscope A.1. Images of 12 stomata per epidural sample were obtained using a Regita R6 
(0.2 µm resolution) camera at 1000x magnification. A single stomatal value for each 
specimen was calculated from the average of these 12 measurements and used for all 
subsequent analysis. ImageJ (Version: 2.0.0-rc-49/1.51d) was used to measure stomata length 
(0.045 µm accuracy). The definition of stomata length as employed in this study, i.e. “the 
distance between the middle points of the stomatal ends”, was obtained from Strandhede 
(1967).  
Specimens were selected to reflect the range of morphological variation presented by 




Putative hybrids, E. tenuis var. tenuis X E. tenuis var. pseduoptera (n = 2), were sampled for 
stomata length however, it was not possible to draw a direct link between specimen cytology 
and morphology. One specimen representing a putative hybrid (Schuyler et al. 4648, PH) 
was not mature and thus could not be used for morphological analysis, and although the 
other specimen (Naczi & Dorey 15394, NY) exhibited a morphology consistent with the 
putative hybrid voucher produced by Schuyler, it contained no chromosome number report. 
RESULTS & DISCUSSION 
Morphometric analysis of ten continuous characters yielded multiple, notable 
differences in specimen morphology (Tab. 3). All characters but one, SclW, were 
significantly different (P < 0.05) between at least one pair of varietal entities. Two characters 
of the achene, AcnL and TubW, as well as three rhizome characters, RzmW, RzmSL, and 
RzmIL were distinct among all varieties of E. tenuis. 
Table 3: Means, ± Sd, and ranges (mm) for statistically evaluated characters. Character 
symbols are those provided in Table 1. ETV = var. verrucosa, ETT = var. tenuis, ETP = var. 
pseudoptera, and n = sample size. Different uppercase letters differ significantly (DTK, P < 
0.05) and different lowercase symbols differ significantly (Tukey’s HSD, P < 0.05).  
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Rhizome characters exhibited the most perceptible differences between var. verrucosa, 
and var. tenuis and pseudoptera. The distinct, thick rhizomes presented by var. verrucosa, relative 
to the thin and uniform rhizomes of var. tenuis are apparent in Fig. 5A.  In contrast, Figs. 5B 
& 5C illustrate the limited variation observed in rhizome characters RzmSL and RzmIL for 
var. verrucosa relative to var. tenuis and pseudoptera. Variety pseudoptera was variable in rhizome 
width and intergraded slightly with both var. tenuis and verrucosa, yet it’s typical value was 
statistically distinct from those of var. tenuis and verrucosa (Tab. 3; Fig. 5A). Likewise, typical 
values for RzmSL and RzmIL were distinct for all varieties of E. tenuis (Tab. 3). Figs. 5B & 
5C however, demonstrate the widespread overlap of these characters 
 observed for var. tenuis and var. pseudoptera. 
 A principal component analysis of five continuous characters explained 79.57% of 
the variation observed for 146 specimens of E. tenuis, and indicated a clear separation of two 
distinct groups (Fig. 6). Loading values and a vector map indicate that rhizome characters 
RzmSL and RzmIL, provided strong separation of taxonomic groups along dimension 1 of 
the PCA, whereas RzmW and AcnL provided additional, but weaker, separation for groups 
along this same axis (Tab. 4; Fig. 6; Fig. 7). Characters AcnL, TubW, and RzmW, accounted 
for the distribution of specimens along dimension 2 of the PCA, with TubW showing the 
strongest influence along this axis (Tab. 4; Fig. 6; Fig. 7). Varieties tenuis and pseudoptera 
shared similar rhizome characters in that they comprise a single widely variable group, and 
intergrade along the limits of their morphological variation. They are separated primarily by 
characters of the achene, i.e. AcnL and TubW. E. tenuis var. verrucosa showed only a single 
specimen as showing intermediacy with var. pseudoptera (specimen 77, Fig. 6). A complete 





Figure 5: Boxplots of rhizome width (A), rhizome scale length (B), 
and rhizome Internode length (C) for E. tenuis var. tenuis (ETT), var. 
verrucosa (ETV), and var. pseudoptera (ETP). Independent data 
points for each taxon are illustrated in blue. All measurements (x-axis) 








   
Table 4: Eigenvalues, percent variance, and loading values of five 
characters along the first two principal components (dimensions) of 
a PCA performed on a cumulative 146 specimens of E. tenuis var. 
tenuis, var. verrucosa, and var. pseudoptera. Character symbols are 
those provided in Tab. 2. 
Figure 6: Scatterplot of the first two principal components (Dim 1 and Dim 2) of a principal 
components analysis (PCA), using five morphological characters (AcnL, TubW, RzmW, RzmSL, 
and RzmIL) measured from 146 specimens of E. tenuis var. tenuis (gray), var. verrucosa (black), 
and var. pseudoptera (blue).  
  Dimension 1 Dimension 2 
Eigenvalues         2.655 1.322 
Percent variance 53.109 26.454 
AcnL    0.426   0.386 
TubW    0.120   0.782 
RzmW   -0.417   0.484 
RzmSL   0.569 -0.065 





characters provided by Svenson (1932) and Smith (2002), i.e. achene color and texture, as 
well as culm cross-sectional shape, identifies the specimen as var. verrucosa. 
Intermediate specimens are not totally absent among even well-defined species of 
Eleocharis, as evolutionary convergence is prevalent throughout the genus (Gonzalez-
Elizondo & Tena-Flores 2000; Smith 2002). Although characters used in the present study 
provide objective delimitation of closely related entities in E. tenuis, the intermediacy of 
specimen Morris 6785, BRIT, hints at the importance of those variable characters 
traditionally used to distinguish between varieties (Smith 2002; Svenson 1932). Indeed, an 
overall review of each plant, not just an examination of any one character, appears necessary 
to successfully identify entities of E. tenuis.  
All specimens of var. verrucosa, including the 2n = 20 chromosome voucher specimen 
Schuyler et al. 4653, PH, fell within a distinct group of specimens identified in the PCA (Fig. 
6, Fig. 8). Schuyler’s voucher may be regarded as a typical representation of var. verrucosa given 
its central placement relative to other specimens in the multivariate analysis (Fig. 8). Though 
specimens of var. tenuis and var. pseudoptera form obvious groups, both varieties Intergrade 
along dimension 2 of the PCA (Fig. 6). Schuyler’s chromosome vouchers of var. tenuis (2n = 
24) (Schuyler 4643, PH), and var. pseudoptera (2n = 39) (Schuyler et al. 4649, PH) appear off-
center relative to their respective groups. Knowing the exact placement of the putative E. 
tenuis var. tenuis X E. tenuis var. pseudoptera (2n = ca. 34 & 68) hybrid is impossible as Schuyler’s 
chromosome voucher specimen (Schuyler et al. 4648, PH) is not mature, and thus not 
available for multivariate analysis.  
Stomata length provided a proxy for chromosome number in the present study, and 
sampled specimens reflected the range of variation presented by each entity (Fig. 9). Variety 





Figure 8: Scatterplot showing placement of E. tenuis chromosome voucher specimens relative to 
specimen groups generated by PCA. Chromosome vouchers for var. tenuis (Schuyler 4643, PH), 
var. verrucosa (Schuyler et al. 4653, PH), var. pseduoptera (Schuyler et al. 4649, PH) all in red. 
Specimen groups for var. tenuis, var. verrucosa, and var. pseduoptera, presented in gray, black, 
and blue, respectively.   
Figure 7: Vector diagram of five morphological characters (AcnL, TubW, RzmW, RzmSL, and 
RzmIL) used in a PCA of E. tenuis (Fig. 6), relative to the first two principal components (Dim 1 






E. tenuis var. tenuis X E. tenuis var. pseudoptera (SD ±1.78 µm). Low variation presented by the 
latter however, is attributable to the small number of specimens sampled (n = 2). In contrast, 
stomata lengths for both var. tenuis and var. pseudoptera are variable (SD ±7.03 µm, SD ±5.69 
µm, respectively).  Typical values for all three varieties, var. tenuis, var. verrucosa, and var. 
pseudoptera, are distinct at 33.40 µm, 39.86 µm, and 47.27 µm, respectively (see Tab. 5 for 
summary statistics).  
Interestingly, increasing numbers of chromosomes correlate with increasing stomata 
lengths for var. tenuis and var. pseudoptera (2n = 24 to 2n = 39, respectively, and 33.40 µm to 
47.27 µm, respectively). Such a pattern is consistent with observations that var. tenuis and var. 
pseudoptera originate from the same ancestral diploid (2n = 12) (Harms 1972). Although  
 
Figure 9: Scatterplot illustrating the placement of specimens sampled for stomata length. Samples 
of var. tenuis (red), var. verrucosa (black), and var. pseduoptera (blue) were selected from 






Schuyler’s (1977) report of 2n = 39 for var. pseudoptera is not an exact multiple of this 
ancestral diploid, the photograph of Schuyler’s chromosome squash, archived with his  
chromosome voucher (Schuyler et al. 4649, PH), clearly exhibits a haploid count of 19 
chromosomes. In fact, Schuyler (1977) explains that “most mitotic figures [for var. pseudoptera] 
had 19 or 20 chromosomes”. Furthermore, Schuyler (1977) observed 14 short, 2 long, and 2 
medium length chromosomes (n = 19) for var. pseudoptera, which is consistent with Harms’ 
(1972) observations of 14 short, 2 long, and 2 medium length chromosomes (n = 19) for the 
variety. Although both cytological and morphological data associated with var. pseudoptera are 
variable, evidence from Harms (1972), Schuyler (1977), and the present study all denote that 
var. tenuis and var. pseudoptera share a close, yet complex taxonomic relationship.  
Chromosome number and stomata length for var. verrucosa (2n = 20 and 39.86 µm, 
respectively) do not correspond to those correlating characters observed for var. tenuis and 
var. pseudoptera. With var. verrucosa exhibiting fewer chromosomes than var. tenuis (2n = 20 and 
2n = 24, respectively), one would expect the stomatal length of var. verrucosa (39.86 µm) to be 
less than that of var. tenuis (33.40 µm). Harms (1972) proposed a unique origin for var. 
verrucosa, a 2n = 10 ancestral diploid, to explain cytological differences between var. verrucosa 
and the remaining varieties, and the absence of a correlation between chromosome number 
Table 5: Means, ± Sd, and ranges (µm) for stomata length (row 1), as well as chromosome 
counts reported by Schuyler (1977) (row 2) for E. tenuis var. verrucosa (ETV), var. tenuis (ETT), 
var. pseudoptera (ETP) and putative hybrids var. tenuis X var. pseudoptera (ETTP).  
	













and stomata length among all varieties of E. tenuis, presented herein, provide support for his 
claim.  
CONCLUSION 
Morphometric analysis provides evidence that the varieties of E. tenuis are best 
distinguished using characters of the achene and rhizome, i.e. AcnL, TubW, RzmW, RzmSL, 
and RzmIL. Multivariate analysis reveals that such characters identify specimens of var. 
verrucosa as a relatively cohesive group, distinct from the widely variable and integrating 
groupings of var. tenuis and var. pseudoptera. Whereas var. tenuis and var. pseudoptera exhibited a 
large degree of overlap, only one specimen of var. verrucosa showed signs of intermediate 
characters with var. pseudoptera. Rhizome characters are shown to be especially useful in 
distinguishing between varieties of E. tenuis due to nearly absent overlap between entities, and 
ease of use. 
Observations of cytology, using stomata length as a proxy, identify that var. tenuis and 
var. pseudoptera exhibit a positive correlation between chromosome number and stomata 
length, i.e. stomata length apparently increases with an increase in chromosome number. In 
contrast, data for var. verrucosa fall outside of the correlation presented by var. tenuis and var. 
pseudoptera, and is indicative of distinct evolutionary histories. Again, var. verrucosa was 
identified as a cohesive group, with notably less variation in stomata length relative to the 
remaining varieties.  
Now, are the taxonomic ranks applied to the varieties of E. tenuis appropriate?  
 Although the present study is unable to determine the exact relationship between E. tenuis 
var. tenuis and var. pseudoptera, or the exact status of putative E. tenuis var. tenuis X E. tenuis var. 
pseudoptera hybrids, evidence of distinct morphology and cytology, presented herein, identify 




Queiroz 2007).  As a result, this study clearly shows that the current taxonomic rank applied 
to E. tenuis var. verrucosa does not appropriately reflect the evolutionary significance of this 
entity. I propose to elevate E. tenuis var. verrucosa as a distinct species, in recognition of its 









SPECIMENS OF ELEOCHARIS TENUIS VAR. TENUIS EXAMINED  
*Denotes stomata length voucher specimen 
†Denotes A.E. Schuyler chromosome voucher specimen 
 
U.S.A. Alabama: Henry Co., 2 May 1972, Kral 46203 (MO); Delaware: Millsboro, 8 Jul 1884, Commons 
s.n. (PH); Greenbank, 20 Jun 1884, Commons s.n. (PH). Massachusetts: Stoneham, Spot Pond, 9 Jul 
1912, Crane 988 (NY)*; Natick, 5 Jul 1908, Heatley & Wiegand s.n. (NY); Worchester Co., 27 Jul 1947, 
Gates s.n. (NCU). Maryland: Garret Co., 26 Jun 1947, Allard 12352 (US)*. Maine: Penobscot Co., 4 
Aug 1916, Fernald & Long 12809 (PH)*; Washington Co., 15 Jul 2001, Hill 34026 (ILLS)*; York Co., 
20 Jul 1928, True & Fogg, Jr. 34 (PH); Knox Co., 28 Jun 1958, Rossbach 4432 (NCU). North Carolina: 
Gates Co., 26 Jun 1958, Ahles & Duke 44745 (NCU)*; Ashe Co., 7 Jul 1966, Radford 44910 (BRIT); 
Avery Co., 24 Jul 1958, Ahles & Duke 47417 (NCU); Greene Co., 11 Jul 1958, Radford 36651 (NCU); 
Ashe Co., 7 Jul 1966, Radford 44910 (US). New Hampshire: Carroll Co., 26 Jul 1932, True & Fogg, Jr. 
12 (PH)*; Grafton Co., 3 Aug 1917, Fernald 15508 (CM); Coos Co., 23 Aug 1926, True & Fogg, Jr. 11 
(PH); Grafton Co., 27 Jul 1932, True & Fogg, Jr. 37a (PH); Carroll Co., 2 Sep 1936, Weatherby 6867 
(US). New Jersey: Burlington Co., 26 May 1976, Schuyler 4643 (PH)* †; Hunterdon Co., 14 Jun 
1976; Schuyler et al. 4648 (PH) * †; Bergen Co., 20 Jun 1935, Svenson 7885 (PH); Ocean Co., 13 
Jul 1914, Long 10294 (PH); Burlington Co., 1 Jul 1937, True & Fogg, Jr. 4169 (PH); 
Cumberland Co., 10 Jun 1934, Long 43535 (PH); Cumberland Co., 12 Jul 1935, Long 46633 
(PH); Salem Co., 2 Jul 1935, Long 46387 (PH). New York: Dutchess Co., 12 Jun 2014, Naczi & 
Dorey 15394 (NY)*. Kentucky: Letcher Co., 1 Jul 1935, Braun 1087 (US)*. Pennsylvania: Bedford Co., 
1 Jul 1945, Berkheimer 6195 (CM)*; Venango Co., 16 Jul 1997, Isaac 9775 (CM); Somerset Co., 25 Jun 
1955, Buker s.n. (CM); Centre Co., 25 Jun 1958, Henry s.n. (CM); Westmoreland Co., 4 Jul 1959, Henry 
s.n. (CM); Lehigh Co., 4 Jul 1918, Pretz 9438 (PH); Lycoming Co., 30 Jun 1959, Wahl 19149 (PH); 
Lebanon Co., 27 Jun 1954, Berkheimer 16291 (PH); Dauphin Co., 24 Jun 1952, Berkheimer 13460 (PH); 
Berks Co., 18 Jun 1962, Schaeffer, Jr. 65879 (PH); Cambria Co., 19 Jun 1949, Berkheimer 11447 (PH); 
Chester Co., 22 Jun 1929, Svenson 3453 (US); Perry Co., 7 Jul 1935, Adams & Adams 2112 (US). 
Rhode Island: Rhode Island, 1800’s, Olney 309 (US). Tennessee: Sullivan Co., 17 Jun 1934, Underwood 
989 (US)*. Virginia: Charles City Co., 3 Jul 1966, Svenson 432 (VPI)*; Beahm’s Gap and the 
headwaters of the N. Fork of Thornton River, 10 Jun 1936, Camp 1441 (NY); Between northwest 
Norfolk Co. and Mayock N.C., 25 May 1983, Britton & Small s.n. (NY); Giles Co., 28 Jul 1937, Fogg, 
Jr. 12736 (PH); Scott Co., 19 Aug 1979, Peake 671 (WILLI); Powhatan Co., 4 Jun 1976, Corcoran & 
Diggs, Jr. 632 (WILLI). West Virginia: Monroe Co., 14 Jul 2003, Wieboldt & Wieboldt 11265 (VPI)*; 
Cranberry Summit, 15 Jul 1877, Guttenberg 3094 (CM); Tuker Co., 9 Jul 1941, Allard 9091 (US); Tuker 
Co., 16 Jul 1951, Allard 19957 (US). CANADA: Nova Scotia: Shelburne Co., 13 Aug 1954, Smith et al. 
12149 (ACAD)* †; Hants Co., 18 Aug 1954, Smith et al. 12508 (ACAD); Lunenburg Co., 22 Aug 1954, 
Smith et al. 12772 (ACAD); Cumberland Co., 1 Aug 1953, Schofield 3550 (ACAD); Colchester Co., 18 
Jul 1920, Bean & White 20159 (PH). New Brunswick: Charlotte Co., 27 Jul 1927, Weatherby & 








SPECIMENS OF ELEOCHARIS TENUIS VAR. VERRUCOSA EXAMINED  
*Denotes stomata length voucher specimen 
†Denotes A.E. Schuyler chromosome voucher specimen 
 
U.S.A. Alabama: Lauderdale Co., 4 Jun 1968, Kral 31044 (BRIT)*; Joe Wheeler Wildlife 
Refuge, Sec 25 T.4.S. R.3.W., 20 May 1980, Meigs 550 (BRIT); Sumter Co., 28 Apr 1968, 
McDaniel 10534 (BRIT); Franklin Co., 17 May 1968, Kral 30606 (BRIT). Arkansas: Lee Co., 7 
Jun 1968, McDaniel 10669 (BRIT)*; Lonoke Co., 25 Apr 1977, Kral 59746 (BRIT); 
Hempstead Co., 5 May 1998, Kral 87584 (BRIT); Van Buren Co., 12 Jun 2005, Witsell 05-647 
(NY); Saline Co., 4 May 2004, Witsell 04-250 (NY). Delaware: Kent Co., 9 Jun 1935, Larsen 
900 (US)*. Georgia: Sumter Co., 22 Mar 1997, Morris 6795 (BRIT)*. Illinois: Monroe Co., 10 
Jun 1992, Phillippe & Gehlhausen 20182 (ILLS)*; Stark Co., 28 Jun 1900, Chase 643 (BRIT); 
Saline Co., 27 May 1992, Phillippe et al. 20072 (ILLS); Washington Co., 11 Jun 1992, Phillippe 
& Gehlhausen 20203 (ILLS); Lee Co., 13 Jun 2000, Phillippe 31673 (ILLS); Fayette Co., 22 
May 1951, Evers 28923 (ILLS); Macoupin Co., 28 May 1884, Robertson 9865 (ILLS); Saline 
Co., 5 Jun 1956, Buser 6722 (ILLS); Bond Co., 13 Jun 1950, Evers 23884 (ILLS); Macon Co., 
22 Jun 1915, Clokey 2373 (NY); Pope Co., 21 May 1991, Jones 6889 (US). Indiana: Posey Co., 
30 Jun 1939, Kriebel 8185 (NY)*; Lawrence Co., 30 May 1937, Kriebel 5210 (NY); Lawrence 
Co., 26 Jun 1935, Kriebel 3681 (NY); Spencer Co., 10 Jun 1929, Deam 46803 (PH). Kansas: 
Douglas Co., 17 May 2001, Morse 5783 (BRIT)*; Douglas Co., 7 Jun 2000, Freeman 14773 
(BRIT); Cherokee Co., 2 Jun 1964, Harms & Kolstad 1277 (NY). Kentucky: Graves Co., 18 
May 1990, McKinney & Hamilton 4146 (BRIT)*. Louisiana: Ouachita Parish, 15 May 1959, 
Kral 8904 (BRIT)*; Acadia Parish, 7 Apr 1936, Harper 3469 (NY); Maryland: St. Mary’s Co., 
31 May 1959, Benedict, Jr. 6295 (VPI)*; Dorchester Co., 27 Jun 1907, Shreve 1585 (US); Cecil 
Co., 6 Jun 1934, Herlihy s.n. (US); Kent Co., 18 Jun 1959, Benedict, Jr. 6302 (VPI). Missouri: 
Stoddard Co., 31 May 2000, Brant et al. 4385 (MO)*; Adair Co., 26 May 1970, Conrad 5612 
(CM); Barton Co., 5 Jun 1996, Timme 12879b (MO); Montier, 15 May 1894, Bush 589 (NY); 
St. Louis, 31 May 1878, Eggert s.n. (NY); Dodson, 11 Jun 1904, Bush 2014a (US). New Jersey: 
Somerset Co., 14 Jun 1976, Schuyler et al. 4653 (PH)* †; Mercer Co., Jul 1911, Mackenzie 4910 
(NY); W. Plains, 22 Jun 1901, Stone 1445 (PH); Cumberland Co., 12 Jul 1935, Long 46631 
(PH). North Carolina: Hertford Co., 30 May 1958, Ahles & Duke 41647 (NCU)*; Wake Co., 
17 May 1959, Radford 42703 (NCU). Oklahoma: Hughes Co., 3 May 1946, Hammon s.n. 
(BRIT)*. Pennsylvania: Chester Co., 22 Jun 1929, Svenson 3453 (PH)*; Bucks Co., 17 Jul 
1925, True 79 (PH); South Carolina: Marlboro Co., 26 May 1940, Radford & Stewart 423 
(NCU). Tennessee: Moore Co., 28 Apr 1974, Kral 52526 (MO)*; Coffee Co., 28 May 1942, 
Kriebel 9801 (BRIT); Dickson Co., 13 May 1975, Kral 55420 (BRIT); Franklin Co., 31 May 
1962, DeSelm & Shanks 30648 (BRIT); Cannon Co., 20 May 1974, Kral 52802 (BRIT); 
Montgomery Co., 25 Jun 1944, Shanks 2793 (NY); Coffee Co., 2 Jun 1938, Svenson 8715 
(US). Texas: Wood Co., 7 Jun 1969, Correll 37423 (NY)*; Lamar Co., 19 May 1963, Correll & 
Correll 27476 (BRIT); Wood Co., 24 Apr 1942, Lundell & Lundell 11338 (BRIT). Virginia: 
Prince William Co., 22 Jun 2005, Townsend 3437 (VPI)*; Sussex Co., 13 May 1960, Kral 10213 
(BRIT); Dinwiddie Co., 8 Jun 1938, Fernald & Long 8103 (US); Amelia Co., 9 Jun 1993, 
Wieboldt & Stevens 8593 (VPI); Mecklenburg Co., 26 Jun 1990, Wieboldt 7251 (VPI); Culpeper 
Co., 5 Jun 1996, Stevens 25288 (VPI); Greene Co., 10 Jun 1972, Wieboldt 943 (WILLI); 





SPECIMENS OF ELEOCHARIS TENUIS VAR. PSEUDOPTERA EXAMINED  
*Denotes stomata length voucher specimen 
†Denotes A.E. Schuyler chromosome voucher specimen 
 
U.S.A.: Connecticut: Middlesex Co., 5 Jul 1916, Chambelain s.n. (NY)*; Crystal Lake, 28 Jun 
1924, Bennett s.n. (NY). Delaware: Newcastle Co., 30 Jun 1929, Svenson 3457 (PH)*. Illinois: 
Alexander Co., 31 May 1993, Basinger & Ketzner 5283 (ILLS)*. Maine: Knox Co., 27 Jun 
1962, Rossbach 5817 (NY)*. Maryland: Somerset Co., 24 Jun 2014, Naczi et al. 15523 (NY)*. 
Massachusetts: Berkshire Co., 15 Jul 1917, Churchill 184 (MO)*. New Jersey: Hunterdon Co., 
14 Jun 1976, Schuyler et al. 4649 (PH)* †; Cumberland Co., 21 Jun 1926, Bright 13283 (CM); 
Morris Co., 30 Jun 1957, Hoiberg 635 (NCU); Cape May Co., 21 Jun 1919, Long 21582 (PH); 
Warren Co., 17 Jun 1952, Schaeffer, Jr. 38683 (PH); Hunterdon Co., 30 Jun 1937, Long 50323 
(PH); Sussex Co., 13 Jul 1976, Schuyler et al. 4702 (PH); Burlington Co., 2 Jul 1937, Fogg, Jr. 
12237 (PH); Salem Co., 7 Jul 1934, Fogg, Jr. 7054 (PH). New York: Long Island, 18 Jul 1924, 
Ferguson 3052 (NY)*; Bronx Co., 12 Jul 1901, Burnham 117 (NY); Yonkers, Jul 1888, Howe s.n. 
(NY); Queens Co., 16 Jul 1916, Pennell 2552 (PH); Staten Island, 20 Jun 1930, Svenson 3496 
(PH). North Carolina: Alleghany Co., 23 Jun 2009, Poindexter 09-696 (NCU)*; Davidson Co., 
7 Jun 1975, Wickland 313 (NCU); Buncombe Co., 11 Jun 1977, Rothrock 1194 (NCU); 
Rockingham Co., 8 Jun 1961, Radford 43834 (NCU). Pennsylvania: Berks Co., 24 Jun 1943, 
Berkheimer 3800 (CM)*; Lehigh Co., 23 Jun 1918, Pretz (BRIT); Berks Co., 24 Jun 1943, 
Berkheimer 3788 (CM); Montgomery Co., 18 Jun 1965, Wherry s.n. (PH); Berks Co., 17 Jun 
1953, Schaeffer, Jr. 43160 (PH); Lackawanna Co., 27 Jun 1946, Glowenke 6811 (PH). 
Vermont: Essex Co., 4 Jul 1963, Seymour 21203 (BRIT)*. Virginia: Dinwiddie Co., 13 Jun 
1940, Fernald & Long 11978 (NY)*; Fairfax Co., 31 May 1930, Hasselbring s.n. (NCU); James 
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